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1 Introduction

The aggregation level (AL) ambiguity issue was extensively discussed in Rel-8 [1, 2] where the problematic DCI format payloads were identified and, when a DCI format would have one of those payloads, a dummy bit was added in order to avoid such a payload and avoid the possibility of a UE mistakenly determining a CCE AL for a PDCCH. The same problem can of course also exist for EPDCCH [3]. ECCE/CCE AL ambiguity arises due to repetition of the same coded bits due to the circular buffer based rate matching. 
A UE detecting an EPDCCH (or a PDCCH) with an ECCE AL (or a CCE AL) different than the actual one is not a problem on its own but it becomes a problem for a respective HARQ-ACK transmission from the UE if the ECCE with the lowest index for the AL detected by the UE and the ECCE with the lowest index for the actual AL are different. Then, the NodeB will expect the UE to use a first PUCCH resource for HARQ-ACK signal transmission and the UE will actually use a second resource. This can lead to missed HARQ-ACK signals at the NodeB and collisions between HARQ-ACK signals from different UEs. It is noted that the use of ARI cannot resolve this issue.
This contribution reviews possible solutions to the ECCE AL ambiguity problem.

2 Resolving Ambiguity for ECCE Aggregation Level  
As analyzed in [2], ambiguity of an ECCE/CCE AL due to the circular buffer rate matching occurs when 
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where 
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 is the ambiguous payload size of a DCI format, 
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 is the number of ECCEs, 
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 is the starting point of repetitions of the coded block, and 
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 is the number of REs per ECCE available for transmitting EPDCCH. 
For PDCCH operation, there is a fixed number of 36 REs per CCE available for transmitting PDCCH and a limited number of ambiguous payload sizes can be determined by replacing
[image: image6.wmf]ECCE

RE

N

 with 36 in Equation (1). For EPDCCH operation, due to the choice for the EREG design, 
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 can take multiple values ranging (for normal CP and system BW larger than or equal to 5 MHz) from 34 (1 CRS port, ABS) to 13 (4 CRS ports, 3 PDCCH symbols). The proliferation of the 
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 values, relative to the respective one for PDCCH which is fixed at 36, may not be a fundamental problem as either a set of ambiguous payload sizes can be specified for each respective 
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 value or the UE and the eNB can assume the use of the formula in Equation (1) and both can then know when a dummy bit is appended in the payload of a DCI format.
To account for the fact that the 
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 value is not fixed per ECCE in a subframe but also depends on the ECCE index, Equation (1) is adjusted for EPDCCH operation as 
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where 
[image: image12.wmf])

(

ECCE

RE

i

N

 is the number of available REs in ECCE 
[image: image13.wmf]i

 for transmitting EPDCCH. Therefore, 
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 depends on which ECCEs are aggregated to form an EPDCCH candidate. Nevertheless, the same concept as for the PDCCH having a fixed CCE size applies.  
Even though theoretically there may be subframes where a UE does not have the same understanding as the NodeB of each 
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 value (UE assumes a larger value when it may not be aware of all CSI-RS configurations), this is not expected in practice and EPDCCH decoding will then anyway fail due to BLER error floors (particularly for ECCE ALs other than the actual one). Moreover, avoiding such cases was one of the reasons for introducing RRC signaling to indicate to a UE the subframes where it should monitor PDCCH, instead of EPDCCH.
Observation 1: The ECCE AL ambiguity problem can be resolved as in Rel-10.   
Other alternatives for resolving the ECCE AL ambiguity problem include ones discussed in Rel-8 and additional ones that can be considered for EPDCCH.

Implementation based solutions

A first option it to rely on the UE implementation to decide the actual ECCE AL considering decoding likelihood metrics. This option was not adopted in Rel-10 as it cannot fully resolve the CCE AL ambiguity and as it would complicate UE implementation and testing. The same reasons apply, to an even larger extend due to the variability in 
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, for the EPDCCH and a UE implementation based solution is not a viable alternative.
A second option is to rely on the eNB implementation to determine the PUCCH resource of an HARQ-ACK signal transmission. This is also problematic as it cannot solve HARQ-ACK signal collisions and will also complicate the eNB implementation and degrade the HARQ-ACK BLER as the eNB needs to consider multiple DTX thresholds, at respective PUCCH resources.
Scrambling based solutions

A first option is to not only scramble the CRC with the C-RNTI but also with an ECCE AL dependent mask. This will effectively reduce the CRC length from 16 bits to 14 bits (assuming CRC masking for 4 ECCE ALs) which is highly undesirable.

A second option is to scramble the EPDCCH with a different sequence depending on the ECCE AL. This is effectively the same as the first option and, for the same reason, it is also highly undesirable. 
Signaling based solutions

The DCI formats for DL assignments can include 2 bits to indicate the AL (an overlap of 8 ECCEs and 16 ECCEs may apply for distributed EPDCCH). This solution, despite the overhead increase, seems actually preferable to an implementation based one or to a scrambling based one. However, it is obviously inferior to the Rel-10 single bit padding based approach which may only apply for specific combinations of DCI format payloads and total number of REs available for an EPDCCH transmission for an ECCE AL.

Design based solutions

The ECCE AL ambiguity problem can be completely avoided by not using overlapping ECCEs for different ALs in case of distributed EPDCCH or by not using the same DMRS AP when an ambiguity of the ECCE AL actually causes a respective PUCCH resource for HARQ-ACK signal transmission to be incorrectly determined. For distributed EPDDCH, avoiding overlapping ECCEs for different ALs can be part of the search space design. For localized EPDCCH, using different DMRS APs for ECCE ALs with different lowest ECCE index can be a property of the formula agreed for the DMRS AP to ECCE mapping for an AL [4].  

Design based solutions are desirable approaches as they avoid a padding bit (when applicable). However, for distributed EPDCCH, a search space design different than the PDCCH one is required and totally avoiding overlapping ECCEs for different ALs may not be possible if the total number of ECCEs is not large enough.  
Proposal: The ECCE aggregation level ambiguity issue is resolved either as in Rel-10 (by applying a padding bit to applicable DCI format payloads) based on Equation (2) or by design properties of the search space and of the DMRS AP to ECCE mapping.

3 Conclusions

This contribution considered the ECCE aggregation level ambiguity problem for EPDCCH operation and proposes the following:
Proposal: The ECCE aggregation level ambiguity issue is resolved either as in Rel-10 (by applying a padding bit to applicable DCI format payloads) based on Equation (2) or by design properties of the search space and of the DMRS AP to ECCE mapping.
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